
1 hope that you will forgive this delay in WWw8Ping 
YOU? 18ttW Of @5tOb8? 4th. %h8I3 YOU? 18tt8P Qt%Sc), f WaB 
r843Up8Tating fra#n &ri illn8sls that b8@u3 in Bcbgtsarbsr. Almmt 
no mental aotirity went on for %XE8 reeks bat f am back to normal 
now l ft ~8s a dlsappointlqaulf to have rabw38d your talk ia 
?#6W r43Pk. lliy father mt n&h m 8UQid6EIt and OD th&t day was 
t&k8n to ths haspit0 for a crpcsrstitnn. f P8main8d with my 
family muoh of the bay. 

'ph8 emlos8d shalater r6pr8f38nt tti8 aatiyeie f worked out 
Ssturday ni@d 811ci y6etePday to iZlterpr8tdJ you r%eulta as I 
understand therm from your 16tt8T. Althou@ it rnay not b8 the 
oarrect or ev6n d6air6d salutfon, still it da88 work aocording 
to th8 understanding I have md th8 assmptionr gio6a fn the 
W.MtlyS18. It aalls for rmothing very sp6cis3. in the aanner af 
6hromoaomal OP genstle beharior. There $s nothing in the'taaiee 
work lfk8 it that I aould U88 88 a mad81 So 1 C%iI n?t P8f8r 
to any work there. 

Thank you for writing m8 about this work. I 8m 
thoroughly interesttad in your inveatigatlnns md find thm 
St&IW&%tiXI& AU good luok with this work. 

afncer8ly youre, 

Britrbara MaClint ock 



I. Origin of 8berrant protatropht 

1. Cross of purr;;; with dkffeient oombfnationa af faotore of 81 
HBAit~ % l 

2, Single aberrant prototroph from this arotm 

If, Bahavfor af 8b9rrlsnt prototroph: 

1. This protatroph is wxu8 form of 8 h8t8Foeygbt8 al5 it app@&XS to 
be h8teratygaua for 8Om8 of the faotore in the 02'088. 

2. This ie ahown by 88gragantr arising frum pratattopb whioh a38 
mw3ov8r typeu, 

3. Tb8 typs of oro88ov8~ ohromatide rsoover8d in the BQgr@gEbnti3 ar$ 
not th8 @Xp8CJt8& On8B in that many trnueurrl %&Iltipl8 Qp048oV8P” 
chramatide are r8pr888nt8d. 

4. The86 $8gPiarg%l!h to8 stable and do nat thrau other 88gr8gRI’ht8~ 

III. Bshsviar of eegragant8 in Oros88F3t 

1. OPo?sssd to standard btO0k8, the 88grsganta may yield PrOtotrt3l3hC 
$ome of whioh me hstaraz$gous far aam of 68-f aoto%e inoolP8d; 
ThU8, these tBegr*gsnt$ may be @8ttaPO%ygoU8 produa8rU. 

2. Tb8 hstero%y$oue prototrophe are heaia mUa 
of the ohromosom8 incrluding the Mti I 00~8 
it. 

for Q 8 tmifio r8gian 
and loo r adJw8nt to 

3. Thea8 hattasaepgeus pratstrorgbr segregate stable former that a 
o~o18ovBr r8OOmbinmh 

4. Tha type@ of rcboomblnante differ fro 
Ooming from 6F081n88 of standard at 7-Q 

the &UW.U%~ raoombinants 
ok8 in that there is 8 

radominaslO olaes af 
%I 

rsgra ax&t8 and f8w of other typar, 
8 predominant CUQS f obta nsd dfBpsnd.8 upant 

(1) The fautora intPodUo8d tits the CmmQ. 

(2) T;s,,&; n rarating oombinations of these factor8 In the 

(3) The partiwhr heterozggots ehossn for a study of it8 
88gragmt@ follOwfAg on8 kind of OrOSJlil, 

IO. &ur)etionaP that P8qUiP8 an BDSW8Pt 

1. Was the ohrornosome aonetitutioe of on8 of th8 parent@ giving rlee 
to the o~igineil abaraant prototroph altered In mm6 way? 

Uan this altsratkn otmt the Oh&in of 8ventrs leading to the 
QYO18 Outlined above7 



2. Why il$ the prototraph h8t8FoeygoU8 for OOmQ f%otc?8 tntroduoerd 
into fhe orom (and homazygours for others)? 

3. Why are the, h8terQey@Jt88 hemiarygauls fOF 61136 Bp8Qif%5 r8gioXi 
of one ohromaoom? 

4, fahy do the hete?osygot8ti? give ssgregmte tha,t 8~8 @tabl8? 

5. Why are the proportIOn of ths +%?%ous reoombinanfe, 90 dffferant 
from thOb38 g;ivan by normal eygotae? 

Why ar8 thee% biased in favor of oertpin reoonibiaatiom depending 
Upon the hat8roay@8 itssIft 

Why do the "8fU&iVb afultipl9 mut@.ntl@ appear in thsere 88gr8gmtf#? 

6. Why are dc$pQ theab, esgregantsl ~hetsrozpgauesa produaars? 
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Wozkiag Bypothesrls. 

1. Assusnption taken for organieation of Ohro:oosomd) in X-12 etaak: 

2, 

3. 

4. 

5. 

L34 -k-- 
i;; (; 7 g y -*"^I. ..sLI- ", _ _I _.. _ 

4- &Lv%t *w~%)l(pcL 

Xn the origbml e&me, one sf the parenta had this Qhzomoaor~@ in 
the form of a ring ftolloning an rabarrat%on that dro marr sd 
88f@l8Zlt0 Of ths CIhromOs@m@r 8% th8 purparer of this dstlsr pt%on, T 
1 bar6 #@leoted on6 kind of r8arrangament. 'pb8 tgPS Z8qufr8d 
would depend on an anal 

BP 
si8 of the data 

i 
not avsflab;la da me. 

The natum of thr nom ahmnaaomd) wou 
deparndln cm th8 data. 

d alao need olarff&oertion, 

& 
ror the purpasee of %llurstratlng the 

gsnsrekl hssie of resrroning in the workSng hypotherriq the 
08lOQtiOn is quit@  a?bitr&Z!y. Thus, the ring &ronosomtb md th8 
organizatfon of ita parte tere: 

I 

Syn~prsis sf this ring chromosome with a namal uhromosmms would 
$iVdH 

3 

Z'h8 loop r8giOn ir too uhort to 8yZHkpW with it8 homobgsuler psrt 
in the trod chromosome. Ttrils ia aonaiatent with what W8 know 
of apaerpeis m msaiae. 

The ombinstion of ring and Fob, abovar, $a the ohrorslolsame olomporsiUon 
Qf tho eygata arising f?dm the original ~1~081 that gave the fitrt 
aberrant pratatroph. 

$rom thi rygotr, a hWlrotygot8 muat ari@8. It muat be heterosy- 
go- hr mm8 Of the f&MiOFr inOOlv8d in the oro88, 

ml*h a h~fepo~YEgot@ will ariaa followin 
OW@ ia the syntcpscbd ring and rad, b 

slp8Oifio types Of orOneing- 

is d;tagrmmed$ 8 au@h quadruple orO~~Q~49r 



Thie is a namml ohromowxne 
and a double OFC~~OVW 
ohranrttid type. 

fndivldusla ramiving this 
ohromoanme will be diploid 
for regions 2 to 9 but 
haploid for region 1. %oe 
only one c¶entramer0 18 pwB,een$ 
thirr ooaotitutlon oould 
maintain Ifeelf. Through 

proper salecttiaa method@, the aberrant type8 fallowing any irregular 
behavior of the ring dmomosome would be eliminated. 

Thle partioular ~hetsrasygote I is homozygours for regions 5 and 6, 
and 9, harterozygoue for raglans 2,3&J and d and hemizygous for region 1. 

It may be mem from the mmmver diagram that the regime that 
will be heterozy 

!f 
ma 

rsuoh a zygote wi 1 
or homoeygoue In any hsterosygota arleing from 

depend on just where the orommvera oaaurred. 
.__________-._- --.-” I-.-- -.-...-.-- -. --.----. ---._-.- .~~~.~~~~.~.~.~~.~~^ .I. ..-- .- -- .--..--,. --- -. -- -.I- ..I--. _.-. -..ir--__._-_.r ll_l_-- -_.- - .----- _ ___I. _I__xI -.-- -..---“-..“.-----.-- __I^.. _-.--.-.1.11- . . - -.-..; . .._ “.... :. _ 

At this point, the varlom type8 of oro88over8 from the, oomblnatti 
of suoh 8 ring with a nomml rsd lgay be lndiaated. 
the unumml t 

It will show why 
e@ of aroa8over8 will rsurvive and the usu~el types be 

lo8t through aviable ahromoeomal oonetitutione or organiz&tions. ‘fp ft 
is not neoeersary to go over this until a,ft?r the behavior of the 
aheterozygota@ ha8 been oonrsidered. 
type8 but merely lndioate Borne of 

1 will not try to BSegram all 
them and the oxm?qu@mmm 
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8ingle orosmver% on aidmA and B +I11 differ Wt lead to the 
sams result with respecrt to tnviable individuals. The viable 
ohromatids ~$11 be the nowore88wef8 only a ring and a rod. 
The cmossgver ohromatide rZl1 give diosntrlcr ohromosome8, the corganlzatlen 
8 spending upon whether the oroa8over oaourrad on aide A or 8ide B, 

lnoa thaas oroe8bver ohrormtlds lead da inviable, indfviddals, tha 
single t$ros8overs may be aliminated from oonsideration. 

Double mo8eov%r8. Here the two sldaa must be cronsidsred, 

1. BIIstrand doublas 

a) 8am% eidat v&abler ring and rod, eaclh a double oromowr 
ohromatid. 

Of the 2-sfrand doubles, only those on on8 eidrs will produos 
ommcwer ohromatide with viable aon8titutfons. 

2. f-8trmd doublsar Consider b and d#md a and d strands. Sama 
side or opposSte side8 will give inviable oroaktover ohromatids and on6 
non-63088over normal red. 

@poeits riids# Quite similar type - a thrse aerntromars 
ohromatldi inviable oonstitutlon, 

3. b-strand double. 
I) Sane arid%: Will gi~4 viable oromover ohromatids like 

same-aids 82ngle oroommm, 
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b) Oppoeite ridesao Will give 2 dioentrfa ahromstld; inviable 
aoastitutionr, 

Triple md quadruple ~~cwso~e~~t Some viable oanstitutions oar& 
oorm out of theee oro~sover~ that are uzuasural in thdr raaombinanil. 
The heteroeygou$ ring i8 psoduoed following a multiple ammover. 

Many of the orcmaover8 
f 

ive inviable ahromosogle aanstltutions, 
Therefore asleafion of vfrsb e t *pea mems eeleation of normally 
infrequeni “reoonibiaant~” i.e. normally relat$vely infrequent 
reaombinantr, The aelsahon of viable typesl will lnoludet 

(1) Won aromover rings and rode 

(2) Double aroemovdra or tmltiple armswar ringls wwl rods 

(3) Ohe *heterozygnte# OT diploid - a dmbl 4 Seed ring, 1 
aentramere, hemtsygous for a speolfia regim. 

Retumtng to the ahetaraEygate9 

Thlra rin$ is d$ploid for al& m emaept region 2. It is 
haploid for region 1. 

HWeotygoue and homosygow rsgioner 

It irs neaeesety naw to make an aesumptlon that la unusual but at5rZ 
probable if thie type of mmlyrle Ir ars where m&r oorreot. Thirr 
assUB 4 hat the individual reaeiving th 8 ring, the aheterazygotee, 1 
oontinued to dfoide and produoas new Individuala, with the mm8 
ohromosorne aonatihutton until the phyrlalsglaal aonditfone praduoed 8. 
raeiotia oondltion fa borne of the individual@, ‘phis meaw meiot%a 
prapharse stages and rynapeiar of homologous parta of ohramoaomas followed 
by aroesliag aver. Beamme, tha ring crhromoerome ire diplaid, homologoue 
~%f;&~~ the rlu8 am amaPs*, arossing-over aan oauur and segregmts 

. 



These eregregantril will be of very sp@alfIio type8 88 the diagranis will 
show. 

The aynapeia of the oingle ring ahromosam~ 

Stranda, in the qmapsed ring following r@dupZioation of the 
ahromatidro 

ame ohromatid of ring uhmmomm, 
ring 

Will give 

1. 
and 8 ring with ~5 aentromere and dQfioi8nt 
?h@ haploid rlryg with the aentromre ie 

2 



Reglow of sin la, 
ahrcmati . &i 

or5~~5v~m Mtween honrologous part8 of came 

Ooastitutiona of viable h&plaid rlngrsr 

This ia tha ba@le for the bias Wwarda aertain typee of haploid 
atable regregants frem hetarorygotar. 
will give these s-8 oon6tltutlonr. 

porn8 of thes maXtlpls or066~o~er6 

b) Elinals axo~sovellJ4 invo~vina eistesr ohromatide; These will give 
a vary large, dioentrrio ring tetrapoid for all regions exoept region 1 
whioh will be diplaid, This ie an inviable ahromosrolne oonetitution. 

1+3 0 068Gm 
be d.awk~%~ 6E, ~~eb!&r etraad in green: ; nt te $ andr fallowing Mbduplication, One @trawl will 



a) &me 6trwd double aro6sover6 (b&ok with blaak tmd l@$ok with 
blaak) will give a ~dipIoi@zfng uhrcmatid braving the fmmb 
argaDizration as the diplold Ping before 6ynaparir. It will 
have varying genie aonatitutions depending upon where the 
orotwovera o5curred. Those new diploid ring@ that are 
heterozygous will agerin throw haplaid 86gr@gant@ of aertatin 
types besides gsnioally qT !iplotd64 

'c-k 
~,~&+,&--~~~I;fce;, 

b) Two sfstcsr strand $xahax'&g@$ (blaok with green end blabck with 
gmen). 

Several types of produate may be forsad: 

(1) TstrBplold dia6ntria rings 
kxviabla ohromoeme 00116 e 

diplofd foP region 1. 
itutian, 

(2) One &La en P a t 1 1 arge ring and One th.OdntPiu l@Pg@ Ping, hV'+:'+ 

(3) Two rings like thoee produce by a) above, I.&) viable 
heterasygote6 (diplolde). 

o) Saplle rtrand 6,nd 6ieter strand (blaak wfth Ui@ok and I$$mk with 
gresra) . 

8everal types produoedx 

(1) T@tr&plold dlaentrla rings, diplaid for region 1, 
Inviable aonetitutlon 

(2) b@ viabl6 
&X6 viable 

-6 
ring, haplold for region 1 

(3) Tno viable haploid ring6 (@@oh with aentromare) 
Tim inviable ha laid rfnge (defioieat for region 1; no 

oentrbmre P 
The@@ viable ringa ar@ like the single oro@@oo@r types 

and multiple reoomblnants aan corn@ out. 

fn tabulating the above pPoduotrs of oPos6li 
s 

over, X may have 
left out BOGS expecrted olaslses from b) and 0) bu they Will fall into 
khe types alr8ady gio@Z~ abov@. 

Y-Y Of th6 praduota @f aroeeina; over in the h@tmmpt@ (dhl~id) 
~$11 give iavi&b2@ ohromosomarf, aon6titutions oP h@tmoploid type6 that 
are tmstable aad will sgebin eegregate n@w types. 
are the haploid Ping @hromatid6. The@@ 

tie Stab18 66gPSgant6 
eagreg6nts will be *h@tsrozpgOte 

ptodu@6s6a beaus@ they have the mm ohromorsome aonetitutfon as the 
original individu6.l with 

It 
ring ahromomme. 

segregants to ata;ada.xd et c)olt@, 
~OlhWiZI$ OPO68@@ Qf the88 

the ayale begins 621 5983: again? 

X) Se’heation of via$,$ types produo@U throw aroming mmr. 

2) fjaleation *Ill fervor infrequent aro66ov6r type6 lnaluding the 
"dipl@idA Sndividugils that 6~8 heral6ygoue fop p@g$on 1 and ham@-ar 
het@Pozygou6 fOP various f@atOr@ entering the ~3~068~ depending upon the 
p@g~on@ Where f?POS&k$ over ooauPp@& 



Thee@ Yh&cnisygot~iiP will epllt off new, rtablar haplaide with 
8P%Oi blaa towards oartafn rewx.abinant#. &my multiidls rlirsorablnantra 
should appear. 

4) Bacmme the hstsrozygobes my vary in genie oonatitutSons following 
any one orom @ach hsterosygots till have itas cmn garWxi&w biarr Ln the 
typea OS rhr$h etabls raegragante it gives. 

Ij) Ths heterozygotee (diploida). nil1 all bet hemizygous for one 
speolfio reg%on in the ehromn@arab. 

A8 far wa x aaa dcrks~~ina ftom the informattan in your letter 
(as outlined aocoedfng to my underetsndiag under Wenenl Uonsideratione) 
the quertionr attnted at tha end af the &naral Bonsideratlons am 
ansner@d by thfa type of amlysir. Your data may Bhow that it fs not 
the type of analyrrie you require, 3t may be paessibla Be amatmot a 
similar system that will fit ths aooumulated data and allor for an 
experimental attwczk, fn this 18ttW, I am not lncrluding the recpimd 
test@ for this hpgothaei#. They ra.lld be abvioue ta ym. 


